Abstract Over the past several years, titanium alloys have been increasingly used in aeronautics. However, they are considered to have poor machinability. The Ti-5553 nearbeta titanium alloy is used in aeronautics to replace Ti-64 and for the production of structural parts, such as landing gears. Due to the low thermal properties and the high mechanical properties presented in this work, this alloy is considered difficult to machine. This work is devoted to understanding the relationship between the chip formation, the cutting process, and the tool wear. The first section studies the evolution of the tool wear. The tests show that tool wear occurs in three steps mainly due to the cutting process and the chip formation. To clarify these points, a section is dedicated to the chip formation and cutting processes. An analytical model is also used to quantify stresses, temperatures, and friction inside the workpiece material and at the tool/chip interface. Chip formation is commonly studied using a tool without wear, which can affect the cutting tool geometry. To verify chip formation and the cutting process during machining, a section describes the chip formation and the cutting processes using worn tools.
for the first time, affected the fuselage, where composite materials are frequently used. This evolution has included other parts of the aircraft, such as the landing gear, which require the use of high-performance materials. For this reason, the Ti-5553 alloy is used in Boeing 787 landing gears. This new titanium alloy has a good combination of strengthto-weight ratio and resistance to corrosion. However, the first tests classified the Ti-5553 as a difficult to cut material. Moreover, to reduce the costs of production and ensure that the process is environmentally safe, the aeronautical manufacturers moved to dry cutting. The effect of this change on Ti-5553 cutting is unknown. In the current literature, the most common titanium alloy studied is Ti-64, where the main wear modes are abrasion and adhesion. In [1], Ti-5553 and Ti-64 machinability are compared. They observed flank wear and notch wear in both materials and explained that the poor machinability of Ti-5553 is defined by the concentration of alpha gene elements. However, this work studies the machinability of untreated Ti-5553. Titanium alloy machinability is generally considered to be poor because of the inherent mechanical and chemical properties of the alloys. Moreover, the titanium alloy Ti-6Al-4V produces highly serrated chips over a wide range of cutting speeds. During its formation, the chip is divided into segments that are very thin with localized shear strain. The instability of the plastic deformation may also be accompanied by several physical and metallurgical changes. According to [1] and [2] , the chip formation partially explains the tool wear. Moreover, due to the low machinability, the cutting speeds are often low, which generates some non-segmented chips that are difficult to remove.
The current literature covers titanium machinability, but Ti-64 is frequently the only titanium alloy studied. The motivation of the present investigation is a contribution to the understanding of tool wear in Ti-5553 machines using Ti5553  5  5  5  3  Ti64  6  -4  - dry cutting, the chip formation and the relationship between these factors. After a study about the material and the experimental set-up is presented, the evolution of tool wear is studied with respect to the cutting forces. The second part is devoted to the chip formation. The first part shows very low thermal properties and some high mechanical properties. However, chip formation in Ti-5553 machining is still unknown. To understand the cutting process (temperature, strain, stress and friction) and its effect on chip formation, an analytical model is used. The last section studies the relation between chip formation, the cutting process and the tool wear. The tool wear and its effect on the cutting tool geometry are not often discussed. A study on tool wear, chip formation and the cutting process will be presented in this section.
Titanium alloys presentation
The tests were carried out on heat-treated Ti-5553 titanium alloy (supplied by Messier Dowty). Its chemical composition is given in Table 1 . The Ti-5553 is a beta-metastable structure and belongs to the near-betaalloys family of titanium; Ti-64 is alpha-beta titanium. Its metastable property is described by the chemical composition [1] . The metastable elements appear during solution heat treatment and after deformation under stress. The alphagene concentration is a function of the temperature of the solution and the cooling rate. The titanium presented in this work is a heat-treated and forged material and, consequently, different from the material studied by [1] . The heat treatment is shown in Fig. 1 . It is divided into three parts. First, the material is heated to 800 • C for 4 h. The titanium is cooled. This operation can be compared to quenching. Finally, the material is aged at 600 • C for 8 h.
The titanium alloys show a large variety of microstructures function of the alloy composition, the heat treatment, and the strain created in the alloy. For titanium alloys, the different added elements have a large impact on the phase stability. The classification of elements is defined according to their affinity for the alphagene and betagene phases. Al, O, N, C, and B are alphagene elements. Mo, V, Nb, and Ta stabilize the phase, and the eutectoid elements (Mn, Fe, Cr, Co, W, B, Ni, Cu, Au, Ag, and Si) increase the intermetallic order. For the Ti-5553 studied, the microstructure is globular or equiaxed. A spectral analysis shows the difference between the two phases. The α phase shows the lowest concentration of aluminium. During the heat treatment, a combination of the α and β phases generates some nodules, which will coalesce during the tempering. This tempering also generates fine α precipitates in the β matrix. The Ti-5553 microstructure is shown in Fig. 2 .
The titanium alloys can be classified according to the Al and Mo equivalent values. The Al and Mo equivalent values show the properties of titanium alloys according to the equations shown in Table 2 . The Al eq value shows the ability of the titanium alloys to obtain a given hardness, while the Mo eq value indicates the capacity to obtain a certain tensile strength. For Ti-5553, the Mo equivalent is higher than the Ti-64 value, whereas the Al equivalent value is lower than the Ti-64 value. Therefore, the Ti-5553 alloy has a higher capacity for tensile stress, but its hardness could be lower. These first observations can show the difficulty in machining Ti-5553 compared to traditional titanium alloys. This observation correlates with the work of [1]. 
